Changes in languages go on constantly affecting words through various borrowings and innovations 1 . Although tree diagrams are ubiquitous in language phylogenies, they obviously fail to reveal full complexity of language affinity; not least because of the Nature Precedings :
meanings
9,10, 11 . As a result, we have obtained two symmetric positive-definite matrices with the lexical distances between the languages in the samples of 50 major Indo-European (IE) languages and 50 Austronesian languages (AU). Then we investigated the symmetry patterns of both matrices by means of a linear transformation which can be interpreted as a random walk defined on the weighted undirected graphs determined by the matrices of lexical distances. The complete set of symmetries inherent to each language family is then encoded by a number of centred ellipsoids in Euclidean space spanned by the diffusion eigenmodes wherein languages are represented by points. The language phylogenies are revealed by geometrical proximity of the projections of language points onto the principal symmetry axes. Here, we identify two general mechanisms that explain the evolutionary dynamics of languages within a language group based on the concept of language family symmetry, a congenital birthmark that acquires meanings through a persistent process of coherent borrowings and innovations.
The Indo-European Superfamily of Languages
Examining the three major symmetries of the IE language family, we have used the relevant principal axes as a Cartesian coordinate system in 3D space, in order to obtain the representation shown in Fig.1a . In three dimensions, the IE family forms a caltrop-like structure made up of four well-separated spines representing four biggest traditional IE language groups: Romance, Germanic, Balto-Slavic, and Indo-Iranian.
These groups are monophyletic and supported by the sharply localized distributions of the azimuthal and zenith angles over the languages shown in Fig.1b and Fig.1c respectively. Interestingly, the Greek, Romance, Celtic, and Germanic languages form a supergroup characterized by approximately the same azimuthal angle thus belonging to one plane (see Fig.1b ), while the Indo-Iranian, Balto-Slavic, Armenian, and Albanian languages form another supergroup, with respect to the zenith angle (see Fig.1c) attesting the Centum-Satem isogloss in the IE language family related to the evolution of the three dorsal consonant rows reconstructed for the Proto-Indo-European language 12 . The projections of Albanian, Greek, and Armenian languages onto the principal symmetry axes are rather small as they occupy the centre of the diagram in Fig.1a reflecting that their relations with other languages are not compatible with the three leading symmetries of the entire family. Being eloquently different from others, these languages can be resolved with the use of some minor symmetry. Remarkably, the Europeans on their swerving treads beyond the frontiers of the known world. In modern times, the emblem has become stigmatized in the western world and replaced by another four-footed sign, the peace symbol, coined during the campaign for nuclear disarmament in Britain, which represents the original caltrop figure better indeed.
Many language groups in the IE family had originated after the decline and fragmentation of territorially-extreme polities and in the course of migrations when dialects diverged within each local area and eventually evolved into individual languages. Geometric representations of language phylogenies can be conceived within the framework of various models that infer on the evolutionary dynamics of languages.
In our three dimensional model, a complex nexus of processes beyond the emergence and diversification of languages within the group is described by the only degree of freedom, along the radial coordinate from the centre of the IE caltrop. It is worth mentioning that the distributions of languages along the radial coordinate show good agreement with univariate normality as seen from the normal probability plots shown in Fig.2a-d , for each of the major language groups. The data points were ranked and then plotted against their expected values under normality, so that departures from linearity signify departures from normality. While the mechanisms underlying evolution of languages are very complex, the assumption of normality can be justified by taking on that many small, independent effects are additively contributing to the process. The univariant normal distribution is closely related to the time evolution of a mass-density function under homogeneous diffusion in one dimension, in which the mean value P is interpreted as the coordinate of a point where all mass was initially concentrated, and variance grows linearly with time V .
In Search of Polynesian Origins by Language Symmetries
The colonization of the Pacific Islands is still the recalcitrant problem in the history of human migrations, despite many explanatory models based on linguistic, We have presented the new network paradigm for the language phylogeny based on the analysis of language family symmetries that allows making accurate inferences on the most significant events of human history by tracking changes in language families through time. Geometric representations of language phylogenetic networks can be used in order to test the various statistical hypotheses about the evolution of languages. The simplest 'adiabatic' model can be refined by incorporating more fitting parameters, as the evolutionary mechanism is clarified. For instance, two words of different languages may become occasionally more similar by chance through a random replacement of phonemes. Although such an extraordinary event is obviously rare, with a very small probability of occurrence, its statistical impact may be remarkable especially over small vocabularies providing corrections for the derived chronological estimates.
Computational simplicity of the proposed method based primarily on linear algebra (see the Method section) is its crucial advantage over previous approaches to the computational linguistic phylogeny that makes it an invaluable tool for the automatic analysis of both the languages and the large document data sets that helps to infer on relations between them in the context of human history.
Methods Summary
The input to our analysis is the lexical distance matrix D constructed on the base 
